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SOLUTIONS FOR IMPLEMENTING TIME-CF-FLIGHT TECHNIQUES IN
LOW-ANGLE NEUTRON SCATTERING, AS REALIZED ON TiE LOW-Q
DIFFRACTOMETER AT LOS ALAMOS

Rex F. Hjelm, Jr and Philip A, Seeger
Los Alamos Neutron Scattering Center

[.os Alnmos National Laboratory
Los Alamos, New Mexico, 87545-1663
USA

ABSTRACT:

The i siementation of emall »mgiz (Low aomentum transfer) neutron scattering instruments

at pulsed spallation sources, vsing rir = of light methods, has meant the introduction of seme
new ileas in instrument design, dats . - guisitton, data reduction and computer management of
the experiment and the data. Here ve recount some of the salient aspects of solutions for
impicmenting time of fight small-an_ie neutron scattering instruments at pulsed sources, as
reahized on the Low-Q D:{fractometer LOQD, at Los Alamos. We consider. further. some of the
provlems that are vet to be solved and 1ake a short excursion into the future of SANS instru-

mentation at pulsed sources.

INTRODUCTION:

The developmient of pulsed spallation sources
as an alternatives to veacrors . scu-ces for
neuron  scattering measaremer s has
increased the availability of neutron scattening
instruments for condensed matter rescarh
and nuclear physics worid wide. The facili-
ties ot Rutherford (ISIS) in the UK, Los
Alamos (LANSCE) and Arporees (1PNS)
National Laboratories in v U/ aml at
KENS in Jupan have 'ed L0 new insoomneiita-
tion based on the use of tane-c.-ilight (10F)
echnigues in various scatter.ng measure-
ments. What concerns us here is the imple-
mentatioa ) TOF methods for small-angle
neatron  scattering at pulsed spatlation
sources  These have b.en worth pucsu.ng. as
the larg.: demand for small-angle .nstrinaents
to probe structire in condensed maner at
intermediate and loug lenath seales dictaes
that such machines be built at ali available
sources.  Our cftorts have been grat

the demonstration that SANS inst

the brightest spalli tion source., [y . .
LANSCE, is comparable in many resmects
with DI Seeger and Hjelm, 1991; Hjeln et
al 1991

“al, 1986: Secger,

There are many basic and technical issues that
have to be addressed in implementing low-
angle instrumen:s on pulsed sources. Some of
the ;e are common with instruments at reac-
tors, but others are unique. Many of these
have been addressed successfully, and then
resolution has been described in a number of
publications (Borso et al , 1982; Ishikawa. et
1988: Hjelm, [9¥X;
Crawford and Carpenter, 1988, Seever o1 1l
1960 Feeger and Hjelm, 1991: Hjelm et al..
1991, Others are still not solved.  In this
review of our work at Los Alamos we will
discuss the general nature of the problems that
are overcome in successful use of TOFE
methods. We will comment on those issues
that are currently under development, and m
some cases describe our approaches in
solving them  Finally, we will take a short
look at some of the challenges olfered by the
development of brighter spallation sources

The challenges in implementing a SANS
insitument using TOE methods fall into three
casses. The first involves issues associated
widh the use of a broad neutron specuum,
The second issue concerns the high instanta
neons cotint rates assecited with the meas
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urement. Finally, the third tnvolves the large
histogram size resulting from each measure-
ment, the requirement that the histogram be
remapped into meaningful coordinates, and
the need to provide the user with a convenient
and effective means cf dealing with the
massive amounts of data present. We will
discuss these issues and there solution as we
consider the ditterent aspzcts of the instru-
ment  at Los  Alamos, the Low-Q
Diftractometer, 1.QD.

SOURCE:

The need to use a broad band nieutron beam is
a consequence of the tact that at any given
wavelength the luminosity, A(A) (neutrons/
A/sterad/em=/%), is low at present pulsed
sources. Thus, anintegrated wavelength band
of neutrons must be employed ro obtain rea-
sonable flux, @ ncutrons/em=/s), at the
sample: TOF methods are then used to deter-
mine the wavelength ot cach detected
neutron. Fortunately, the pulsed nature of the
source makes TOF measurements  casy,
However, the neutrons emerging from the
target ave notusetul as a probe tor condensed

matter structure: they must be moderated 1o
usable energies. In the small-angle scatering
experiment, we are really interested in small
momentum transters, Q. From the relation-
ship between scattering angle. 20, and incid-
ent neutron wavelength, A,

Q:(‘;\—")ﬂinei%ﬂ’— .

where the approximation holds only for small
20, we see that low Q is obtained for lony
wavelengths as well as small-angles. Thus
fow-Q is best attained using a moderator with
higher A(A) at long wavelengths a1 cold
maoderator.

1.QD uses a liquid hydrogen, single phase,
cold moderator operated at approximuately
23K and between 40 and 122 bar. The
moderator iy situated i tlax trap geometny
relative o a spht tungsten tarpet b, 1
Russell, 1991, The choice of target material
e thiy instance 158 an nnpn‘!\;\ﬁm constderation,
as fisstle matenals (eg =71 ve rise to



Figure 2.

Schematic of a Low-Q Neutron Scattering Instrument with Pin Hole Coiltmanon.  Symbols are referrred

10 in the text. A, represents moderator, S, sample. and D, detector.

considerable latent flux that increases the
sample dependent background. The use of
TOF demands that the time structure of the
pulse emerging from the moderator be sufti-
ciently short to allow A to be determined with
precision compatible with the instrument
resolution in Q. Thus moderators at pulsed
sources tend to be smaller than those at reac-
tors, and the beam is undermoderated.
Consequently, in addition to the approximate-
ly Maxwellian spectrum, there is substantial
lux. in the slowing down region of the spec-
trum poing as 1/A.. The cold moderator at
[LANSCE has more than sutficient pulsc
width for the geometric resolution of LQD
with maximum width {or 15 A neutrons of
100us.  Other moderator designs witn pulse
widths up to 300us are under study. ‘These
will atford an increase in A(A) by a factor of
three. ‘These involve coupling the cold mod-
crator with the reflector, and premoderation
with an ambient temperature water or poly-
cthylene moderator (Watanabe, 1989
Wiatanabe ¢t al; 1989, Kiyanagi and
Wanatabe, 1991,

A consequence of under moderation iv a beam
contuning an epithermal neutron component

with energies corresponding to large density
of states in the sample. Thus there can be
substantial inelastic scatter, lecding o sample-
dependent background (Hjelm 1988; Sceper
and Hjelm, (991). Further, these neutrons are
not well collimated, produce counting rate
problems at the detector, and hence, they must
be removed.  This may be accomplished by a
T-zero chopper or wich a beam bender. For
1.QD. we have chosen a highly efticacious
and relauvely inexpensive method using a
filter made of a single crystal ot MpO cooled
to about 45°K. This method was first used on
the SAD instrument at Argonne National [ab.
This material has the characteristic of having
a sharp scattering edge at roughly 150 meV,
and of passing neutrons of lower evergy with
high ransmittance.  The filter also removes
hackground y-radiation emitted trom long
lived excited stated in the Gd poson laver of
the moderator.

COLLIMATION, OPTIMIZATION,
AND RESOLUTION:

The direction of the beam momentum s
detined by collimation using two pin holes
The collimator geometry s determined i



Frewre 3

optimization of the intensity and resolution
cprecision tn 8). These are related by the
usual relationships tor pinhole geometry, and
assuming isotropic scatter (scalar momentum
transter),

bl" = KMAlA)AK“Alz\::\d/(Lll.l) 5

for mtensity, ol ;. in the nt" time channel, and
tor the vanance i the scattering angle, 26
the 'l spatial tdetector) channel (Schmate et

A Plan Viow of LQD Shou- ¢ the Baste Elemenis of the Invtrument

Carpenter, 1984), As shown in Figure 2, the
distances along the instrument axis arve 1., the
moderator to sample distance, 15, the samp'e
to detector distance, L., the collimator lengin,
and 1, the collimitor exit aperture to samyle
posttion distance. Ry and R reter to the radn
of the collimator entrance and exit apertures,
respectively, while Ax g and Ly g reterence the
xand y dimension ot the detector element
the d spatial channel. In our case the toca-
tions of events on the area detector see
below) 1s encoded by calculatnion of the sipnal
centroid, and Vie) describes the resolution ot

al, 19760 Sceger. 1980, Mildner and this.
) 2 2 2 | >
IR R ) Ay
Vll()) S + o=+ Vo
¢ - 1710 21 !
C J

—

The opumization procedure is to mimmnize Vy
while holding SI (|2]) constant, or equivalent:
lv to maximize 81 while holding V  constang,
We are limned, however, by '.ulnillec detec:
tor resolation: the next to fast term i eguation
[ 3] can thus only be made smaller by increas

g Ly and subsequently the total lengih. In
fact the best optimization of count rate and
resotution s obtaned by lengthenmyg the
mstrutment as mucn as posstble and scaling R

and Ry with the total lenpth, But the wotal
tength is also limited, either by the siz¢ of the
cepermmentad hall, the wotal sohid angle of the
moderator as seen trom the detector, or (for g
pulsed sourced by the "frame overtap™ condi

non ol tast neuttons trome a subsequent pulse

catching up with the slow, Tong wavelength
neuirons, In low-Q the loter are mmportant as
discussed i equation [ thus this situation
must be avoidad A turther comphication ol
the optumizaczon tor a pulsed source s the
spectrum of meident newsron wavelengths, ay
Loy s vared, a given Q- value occurs at the
same place on the detector at a ditferent 4
Optmzanon leads to placing the moderator as
close as possible to the collimator, and Tik -

wise the sample. For a pulsed source, where
there s acut ott e the incrdent beam spe

trunt, aand as conlweguence of aphimization i
QO mvolving simultancous optinezatton over g
range of B, opunization approaches the case
where Tpand Ty oare equall Bnally the ey



ture and detector element sizes \hould be
related such that Ry = 2R, = (1/3)1/2 axy =
(yh 172 Ayq4. La is fixed to the apernture radii
in this scheme by the requirement that the
beam umbra be focused to a point at the
detector (Fig. 2). These rules are implement-
ed as much as practical; some limitations as
the total length of the instrument is fixed by
factors listed above. commercial detectors are
used rconsequently Ax and Ay are fixed), and
that space 15 needed between the moderator
and collimator to place a shutter, beam filier
and/or chopper(s). Intensity at the detector
can be increased by increasing the number of
collimator apertures, M, in equation [2].,
without sacrificing resolution.  Provision is
made for multiple pin holes (Fig. 3 ) with
intermediate baftles to prevent cross talk
{Seeger et al 1990,

There is a problern with collimation and the
neutron trajectories.
the instrument the neutron falls under the
force of gravity: the slower neutrons fall the
greater distance.  This results in substantial
loss in resolution in the vertical direction of
the machine (Bothroyd, 1989), The solution
1S 10 use a moving apercare at the collimator
exit that is accelerated upward at a constant
rate during the course of a TOFEF frame to
select those neutrons with the trajectory that
hits the center ot the detector tthe beam stop).
Such a device has been implemented on 1.QD
thig. 3; Seeger et al, 1990, Tv s activated
hydrautically: though other designs, activated
mechanically by cams, say, are being
considered.

SAMPLE AREA:

The sample arca of the imstrument s
designed o be ghly flexible and o take a
vinety of sample holders and instrumentation
with & nunumum amount of time, and hence,
lost beam,  This is driven by the tact that
small angle mstruments are used tor more
different types of science, samples and
condittons than any other type ot neatron
soattering mstrument. The sample area is
“open’s the Tight path vacuum as simply
witerrupted a the sample position o enable
casy aceess (hips B Fosed sithea windows e
msed o contin the vacuum ot the prinvary
and secondany thght paths, Shoit sections of

Over the total length of

the secondary flight path can be removed
provide different gap lengths (up 10 1 m)
along the flight path. Very large apparatus
can be installed by removing & roof on the
instrument enclosure. In the standard contig-
uration the sample apparatus is mounted on an
optical bench. and standard wypes of position-
ers and holders are used. Sample alignment is
made easy by the use of an alignment tele-
scope that views the sample trom the detector
position, down the optical axis of the instru-
ment by means ot a mirror that is inserted
directly 1n front ot the detector. A survevor's
turget mounted on the dow astream side of the
incident beam monitor serves as one reference
point, with the exit aperture of the collimator
serving as the other.

DETECTOR:

The detector on 1.OD is a Rose -‘Hc, two
dimensional position sensitive proportional
counter. [t is here that we see our most
serious unxolved problem in the use of TOF
techniques tor SANS.  The peak of the
moderated spectrum  involves  higch
instantancous counting rates that create
considerable nusencoding and dead ume
problems. This problem will only become
more severe as brighter sources become
available.  This issue must be resolved
through the development of faster detectors.
detector electronics and encoding schemes.
Some effort has been made in this arca using
scintillation counters, but the use of these
detectors s hindered by sensitvity oy
radiation.

Because of the wide dvnanie range aftorded
by the TOF wechmqgue, the detector can e
Nixed in position. Thus the collimation can be
optimized with respect to botn mensaty and ()
precision. Further. baftles can be installed
scattering tlight path wbe to reduce back
prounds (fig. b,

DATA ACQUISITION:

The data acquisttion system consists of
several Fastbus modules obg. 40 Nelsvon eral
[URS: Poore etal 1985, The spattal and 'O
channels trom the detector are mapped o a
histogramming memory consistinng ot two
modules, cach having a capacity ot 2000 2
bt words, The mapper can work at o peak
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rate ¢ GO0 KH7, This gives considerable lati-
tude tor implementing “smart” programmable
mappers without the necessity of inserting a
computer ito the data acquisition path. We
currently take data in 128x128 spatial chan-
nels and 197 ume channels. These numbers
correspond to sampling counts at 0.307 ¢cm
intervals in x and v. The TOF channels are
"logarithmic”, having constant Ayt of 0.016,
where t is TOF time. The three dimensional
histograms are thus large, containing in
excess of 3 Megawords in our present contig-
uration.  This creates substantial burdens on
the computational abilities.

Data transter is directly out of Fastbus histo-
gram memory and onto a hard disk. under the
control of 4 VAX 4200 ¢pu, currently con-

figured with 32 mbyte memory and 1.2 Gbyte
in hard disk (Fig 0 This processes iy
specded considerably by direct streaming o
the data onto a dedicated part of the bard disk,
and currently takes about 85 seconds tor Y
Mbytes, This tile s then compressed i a
bachground process on the LQD VAN,
Typrcally, compression s made by about a
tactor ot 10 to 11 and takes 90 sevonds ot

CPU time. It takes 45 seconds to clear the
Fastbus histogram plus about 20 o 10
seconds of overhead. so the munimum tme
between the end of one run and startung toe
next is 2.5 minutes. The nme between saves
1s about 3.5 minutes, which defines the
maximum rate that samples presently can be
put through the insirument. With the hikely
advent of brighter sources, we would Like to
improve this figure signmificantly to enable
new types (kinetic and dynamic, for example:
of measurements.

The 1.QD computer 1s netwerked o other
instrument-dedicated VAXen and two VAX
4500 boot notwes. The boot nodes are used o
data reduction tasks, about which we will
have more to say below.  This network ol
mstrument VAXen s turther clusicred with
ather networks at LANSCE to make appros

imately SO machmes i the LANSCE svstem.
These are also networked to Macutoshes and
PCs thaare available throughout TANSCH
The compressed data tiles are permanentls
archived on i jukeboxy WORNM dinve with
total capactty of 032 Terabyvies: A VAN
dedicated o managang ths dive tor daa
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master equation for mapping, in absolute dif-
ferential scattering probability, is

N

- d.n
P(Qk)/dQ:—[%ﬁ— \

(dnj=k "

where we specify the sum to be over that set
of time n, and spaual, d, channels that con-
tribute to the k' Q bin according to the rela-
tion Qy = 4n/Ap sinBy. The form of equation
[3] derives tfrom the consideration that the
counts in any d.n cell, Ng , must be weighted
by the number of counts in that could have
been measured in that cell, @,AQ 4 in order to
opumize the infonnation content in Q from
the counts in each cell (Seeger and Pynn.
1986; Hjelm 1987, Hjelm 1988: Seeger and
Hjelm, 1991). Nermalizauon is then given by
a similar sum ot products of measured trans-
mitted beam in each time channel. @,. with
the solid angle subtended by the spatial
channel. AQy. All relevant corrections, such
as detector non linearity (Seeger and Hjelm,
1991, are made to N n.d betore summing.
Equation [4] implies Vc:ry caretul measure-
ment of @ properly normalized for A(A) by
comparison with some scatterer of known
dP/dC2 Jacrot and Zaccai, 1981; Wignal and
Bates, 1987). Conversion of dP/dQQ to the
more usual macroscopic difterential cross
section per unit scattering volume, dX(Q)/dQ
wem™ 1. is made by dividing equation [4] by
the sample path length.
errors defining the uncertainties in dP/d€2 is
stratghttorward using the usual methods. but
must be done at every step in parallel with the
corrections and normalizations.

Each nud cell caries with it different informa-
tnon on dP/d€2 and on Q. We have aiready
discussed the former.
cach cell to the varance in Q is

2 V8 v
Vo Q Lo
n.d n.d ) (- 5
d L .

where the averages over Lk cell and d and n
channels are mdicated by the bar. The var

tanee of the tme values i the nth chaspel is
Vit and Ve s iven by equation |,‘|'
Faaation [S] shows why the "loparithnme”
FOE binnmg scheme s preterred e data

The propagation of

The contribution of

acquisition, aV_( ‘(Al/t) constant,
which can be \et 1o m.ilcn the smallest value
of the first term in equation {5]. This is the
only means by which the two parts of the
instrument r2solution can be matched in a
TOF-SANS mweasurement.

The precision in Q in each bin as a conse-
quence of combining cells is calculated using
the relation

\Y =V 0 O
k(O) ln.d|=k(Q) * V(Qlll.di=k)

1.

which means that the variance of the ki
bin 1s the sum of the average variances of the
n.d cells (given in each case by equation 15))
in the bin and the variance of the average Q's
of these cells. We combine the cells accord-
ing to the weighting discussed in itroducing
equation [4]. Thus the information content in
dP/dS€2 is coupled with that 1n Q. and

> N
||\«‘J-f=k n.dvn.d(‘Q)
V. 1Q)=—
kQ 3 N
fndi=k n.d

Y N Q°
(n.d)=k nd nad
7 > N

l”.dl:k n.d

~d4

Equaton [7] imphes an addittonal weighung
tactor in the mapping. as one may wish to
exclude cells whose contribution to the total
variance 18 excessive when compared to the
vitnance from the Q-bin width, Thus a selee
ton criterton s used

1o determne whether a cell shourd e used i
the mapping, where ts some number relatny
the maximum celt varance 1o the Q bin v

ance. Usually we chose £ - TS0 Fguations
[4] through [7] imply turther that the size ol
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directed o doections ot anterest These
seements are defmed by masking tunction.
In cach case the s crrary of the result, m
hoth O and dP/d82, are carmied through. These
are displaved mothe scalar Q maps, and are
retned s separate maps m the vecter maps,
AL tiles output trom SMR contam the map

AP AL mapped mre d QY tor the Sinecne A Phuase of a Legind Covsgad Polvimer

The smae data shownn

and the rms error in dP/d€2,0 and all one
dimensional tiles also include the rmys of the
distribution on Q i each bin cBig 1Oy Near
real -ume maps are currently made by select
ing very narrow ume shices covernmg a Q-
range of immeduate mterest, and mapping
this. SMR also pertorms a himued numtbxer ot
SANS data analyses cep Guinier analvsis tor
quick assessment purposes. A second
program. EZP. is used for more extensive
SANNS data analvsis, as well as user detined
amilysis. This program also teatures some
pasic mteractuve graphics capabihines Man
ot the featwres of EZP are also avindable oo
seres of programs wntten m FORTRAN 77
for transportability o other computers e
PCS or Mac. Standard SANS analysis teols
die part ot this package. These programs il
rely on g standard ASCIH file format desertbed
m an carhier pubhication cHjelm and Seeger,
[989). Output 1n other recopnzed tormats
are avatlable for our users who mayv hase
sofaware written tor these types of tiles We
are curtently developing other programes and
mtertaces o ease the ranster ot reduc
to PCS and Macitosh s o fact boe 2 10
were composed on the Macintosh usines the e
programs?. his opens ro the user the exeep
tonal power i data display and anadysis ol
the graphes sotiware avalable on these pla
torms
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THE FUTURE—NEW SOURCES,
NEW PROMISES, NEW
CHALLENGES:

Proposals for the development of new spalla-
tion sources operating in the 1-5 MW range
(LANSCE presently operates at 50-80 kW)
offer exceptional promise and opportunity for
neutron scattering at pulsed sources. They
also present some important challenges. The
larger fluxes at long wavelengths from these
sources will enable instruments that will go to
lower Q than presently practical on pulsed
sources. We will need to learn how to build
such instruments and over come the difficul-
ties with collimating long wavelength neu-
trons to meet the demand .0 probe longer
length scales in condensed matter research.
.The development of ncw detectors that can
handle the extremely large insiantangous data
rates anticipated for these new sources is a
prime challenge. Given this development,
experiment turnover and daia through put will
be even faster, maybe by an order of magni-
tude, than those on even the brightest spalla-
tion source available today. This will place
ever increasing demand on computers and
computer software. Faster machines will be

available, to be sure, but software develop-
ment will have to be even more user friendly
and self documenting if the user is to make
full use of the potential of our new instru-
ments. Fortunately, we are likely to have help
in these issues, as new developments in com-
puters are tending toward common vendor
standards that allow applications to communi-
cate with one another. Using these a building
blocks along with the new windows environ-
ments that are emerging, one can envision
constructing highly complex. porable
svstems, which will meet the demands of a
new era.
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